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INTRODUCTION 

S ince  t h e  end of World War I1 t h e  u s e  o f  s y n t h e t i c  e t h a n o l  f o r  
i n d u s t r i a l  purposes i n  t h e  United States  has grown a t  a s t eady  pace 
d i s p l a c i n g  e thano l  produced by t h e  f e rmen ta t ion  of g r a i n  and molasses. 
I n  1970 less t h a n  5% of  t h e  U . S .  i n d u s t r i a l  e thano l  was produced by 
fe rmenta t ion .  Because of FDA r e g u l a t i o n s  t h a t  r e q u i r e  e t h a n o l  f o r  
human consumption be produced by t h e  f e rmen ta t ion  of g r a i n ,  f r u i t  o r  
sugar ,  t h e  s y n t h e t i c  e t h a n o l  i n d u s t r y  has n o t  pene t r a t ed  t h e  beverage 
market. I n  1972 approximately 37 m i l l i o n  bushe ls  of g r a i n  were 
fermented t o  produce 9 4 . 2  m i l l i o n  g a l l o n s  of e thano l  expressed  as 
200°proof (100%) a l c o h o l .  During t h e  same y e a r  approximately 2 4 1  
mi l l ion  g a l l o n s  of e t h a n o l  (as 200°proof) were produced s y n t h e t i c a l l y  
from e thy lene  and e t h y l  s u l f a t e .  The bulk  of t h e  e thano l  consumed by 
i n d u s t r y  o u t s i d e  of t h e  United S t a t e s  i s  produced by f e rmen ta t ion  of 
f r u i t ,  g r a i n ,  and molasses .  I n  1972, 800 m i l l i o n  g a l l o n s  of fermen- 
t a t i o n  e thano l  (as 200°proof) w e r e  consumed by i n d u s t r y  o u t s i d e  of 
t h e  U . S . A .  

S y n t h e t i c  e t h a n o l  has  had a very s t a b l e  p r i c e  h i s t o r y .  Between 
1959 and 1969 t h e  price was 520/gallon f o r  190°proof a l coho l .  I n  
1970 t h e  p r i c e  i n c r e a s e d  t o  540/gallon and remained t h e r e  i n t o  1973. 
200°proof s y n t h e t i c  e t h a n o l  t y p i c a l l y  c o s t s  70 /ga l lon  more t h a n  
190aproof.  These p r i c e s  a r e  quoted wi thout  t h e  f e d e r a l  beverage 
a l c o h o l  t ax .  

The d rama t i c  i n c r e a s e  i n  t h e  p r i c e  o f  energy which came about  i n  
l a t e  1973 has  caused t h e  p r i c e  o f  e thy lene  t o  i n c r e a s e  sha rp ly .  This  
i n  t u r n  has caused a s u b s t a n t i a l  p r i c e  i n c r e a s e  f o r  s y n t h e t i c  e t h y l  
a l coho l .  An e s t i m a t e  of t h e  1974 p r i c e  f o r  s y n t h e t i c  e t h a n o l  is  
shown i n  Table  I. The i n c r e a s e  i n  f u e l  p r i c e s  added 10 .30/ga l lon  to 
t h e  a l c o h o l  cost and t h e  i n c r e a s e  i n  t h e  price of e thy lene  has  added 
ano the r  28.7C/gallon t o  t h e  c o s t  b r ing ing  t h e  1974 p r i c e  t o  $ l /ga l lon .  
Actua l  q u o t a t i o n s  o n  tank c a r  p r i c e s  o f  s y n t h e t i c  e thano l  have been 
d i f f i c u l t  t o  ob ta in .  Two major producers of s y n t h e t i c  e t h a n o l ,  
Exxon Corpora t ion  and Tennessee Eastman, have announced t h a t  t h e i r  
s y n t h e t i c  e t h a n o l  p l a n t s  would be s h u t  down a t  t h e  end o f  1974. 
These p l a n t s  r e p r e s e n t  abou t  2 2 %  of t h e  U . S .  s y n t h e t i c  e t h a n o l  
product ion  capac i ty .  

t r a d e  i s  n o t  g e n e r a l l y  a v a i l a b l e .  A rough estimate can be made i f  w e  
c o n s i d e r  t h a t  a f i f t h  of 80Oproof vodka sells f o r  a s  l i t t l e  as $2.79 
i n c l u d i n g  t h e  f e d e r a l  a l c o h o l  tax. I f  one deduc t s  t h e  t a x e s  and, 
recogniz ing  t h a t  vodka is only  a 40% b lend  o f  e t h a n o l  and water ,  
c o r r e c t s  t h e  p r i c e  t o  p u r e  e thano l  he  o b t a i n s  about  $lO/gallon. 
Recognizing t h a t  b o t t l i n g ,  packaging, sh ipp ing  and d i s t r i b u t i o n  
expenses are s i g n f i c a n t ,  it might  be r easonab le  t o  assume t h a t  t h e  
f e rmen ta t ion  e t h a n o l  as 200"proof a l c o h o l  is worth a t  least  $ l / g a l l o n  

T h e  p r i c e  of e t h a n o l  produced by f e rmen ta t ion  i n  t h e  beverage 
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i n  t h e  d i s t i l l e r y  s t o r a g e  tanks .  
p r i c e  e s t ima ted  f o r  s y n t h e t i c  e thano l .  

T h i s  i s  comparable t o  t h e  c u r r e n t  

Because e t h a n o l  produced by bo th  p rocesses  i s  chemica l ly  
equ iva len t  and now c o s t  t h e  sanie, f e rmen ta t ion  e t h a n o l  need no longer  
b e  l i m i t e d  t o  t h e  beverage market. Furthermore,  w i th  t h e  p o t e n t i a l  
for recover ing  a v a l u a b l e  p r o t e i n  c o n c e n t r a t e  from t h e  by-products Of 
f e rmen ta t ion  a l c o h o l  manufacture it now appears  t h a t  f e rmen ta t ion  
e t h a n o l  can a c t u a l l y  become cheaper than  s y n t h e t i c  e thano l .  With 
inc reas ing  f u e l  p r i c e s  and inc reased  world demand f o r  p r o t e i n  sou rces  
f e rmen ta t ion  ethanol may have t h e  p o t e n t i a l  f o r  be ing  produced a t  a 
p r i c e  based on i t s  f u e l  p r o p e r t i e s  which w i l l  make i t  a t t r a c t i v e  as a 
b lending  component i n  automotive f u e l .  

PRODUCTION OF ETHANOL BY GRAIN FERMENTATION 

The p rocess  f o r  t h e  product ion  o f  e t h a n o l  by t h e  f e rmen ta t ion  of 
g r a i n  i s  w e l l  e s t a b l i s h e d .  S t a rch  con ta in ing  g r a i n s  such as  wheat,  
co rn ,  mi lo ,  etc. are ground t o  expose t h e  i n t e r i o r  of t h e  k e r n e l  and 
cooked t o  g e l a n t i n i z e  t h e  n a t u r a l  s t a r c h e s .  The cooked g r a i n  i s  
cooled  and a n  enzyme i s  added t o  conve r t  t h e  s t a r c h  t o  sugar .  The 
s u g a r s  are then  fermented t o  e thano l  a n a e r o b i c a l l y  w i t h  y e a s t  and t h e  
a l c o h o l  recovered  from t h e  mixture  by f r a c t i o n a l  d i s t i l l a t i o n .  

TWO by-products r e s u l t  from t h i s  f e rmen ta t ion  p rocess ,  carbon 
d i o x i d e  and d i s t i l l e r s  d r i e d  g r a i n s  wi th  s o l u b l e s .  The d i s t i l l e r s  
d r i e d  g r a i n s  r e p r e s e n t  t h e  i n s o l u b l e  materials i n  t h e  o r i g i n a l  g r a i n  
such  as f i b e r ,  a sh ,  and p r o t e i n .  The s o l u b l e  components such  a s  
unconverted s t a r c h  and s o l u b l e  p r o t e i n s  are concent ra ted  and d r i e d  
wi th  t h e  d i s t i l l e r s  d r i e d  g r a i n s  t o  y i e l d  t h i s  by-product. 
d i s t i l l e r s  d r i e d  g r a i n s  p l u s  s o l u b l e s  (DDG&S) are a d e s i r a b l e  h igh  
p r o t e i n  c o n t e n t  (25-30%) c a t t l e  feed .  I n  1972 s l i g h t l y  m o r e  t han  400 
thousand t o n s  o f  DDG&S were produced and i n  1973 t h e i r  average  
s e l l i n g  p r i c e  w a s  $117/ton. The carbon d iox ide  produced i s  of h igh  
p u r i t y  and i f  a market i s  a v a i l a b l e  t h i s  gas  can be s o l d  a t  $2/ ton  o r  
more a t  atmospheric p r e s s u r e .  

The 

The c o s t  o f  conve r t ing  g r a i n  i n t o  200'proof e thano l  is  about  
28.6C/gallon of a l coho l .  This  c o s t  i n c l u d e s  u t i l i t i e s ,  l a b o r ,  
supe rv i s ion ,  maintenance, e t c .  b u t  does n o t  i nc lude  t h e  c o s t  of t h e  
g r a i n  nor d e p r e c i a t i o n .  The investment f o r  an  a l c o h o l  p l a n t  t o  
produce 2 0  m i l l i o n  ga l lons /yea r  of 200'proof e t h a n o l  from m i l o  (a 
f e e d  g r a i n  belonging t o  t h e  corn  fami ly)  is  approximately $18 mi l l i on .  
Milo con ta ins  abou t  7 0 %  s t a r c h  and a t y p i c a l  p r i c e  t h a t  a g r i c u l t u r a l  
economists e s t i m a t e  i n  t h e  nex t  1 2  months i s  $2.29/bushel a t  a 
moi s tu re  c o n t e n t  of 15 .5  weight per  cen t .  The p rocess  would a l s o  
produce 174 tons/day o f  carbon d i o x i d e  and about 218 tons/day of 
DDG&S a t  a 1 4 %  moi s tu re  con ten t .  

Table I11 shows a n  economic e v a l u a t i o n  f o r  t h e  product ion  of 20 
m i l l i o n  ga l lons /year  o f  200Oproof e thano l  from 21,490 Bu/day of milo.  
With e thano l  va lued  a t  $ l / g a l l o n  and d i s t i l l e r s  d r i e d  g r a i n s  a t  
$120/ton, t h e  t o t a l  annual  income from such  a p l a n t  if $29.68 mi l l i on .  
The expenses f o r  such a p l a n t  i n c l u d e  t h e  c o s t  of mi lo ,  and t h e  
convers ion  c o s t .  These t o t a l  $23.68 m i l l i o n  per  yea r .  Th i s  t h e n  
g i v e s  a p r o f i t  of $ 6  mi l l i on /yea r  b e f o r e  d e p r e c i a t i o n  and t a x e s  
which i n  t u r n  g i v e s  a payout of 3 y e a r s  f o r  t h e  inves tment  of $18 
m i l l  ion.  
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RECOVERY O F  PROTEIN FROM DDGLS 

A s  mentioned above, t h e  DDGLS c o n t a i n s  between 25% and 30% 
p r o t e i n  depending on t h e  p r o t e i n  c o n t e n t  o f  t h e  o r i g i n a l  g r a i n .  A 
p o r t i o n  of t h i s  p r o t e i n  may b e  so luab l i zed  by t r e a t i n g  t h e  DDGLS wi th  
a pH g r e a t e r  t h a n  11.0. I f  t h e  pH i s  then  lowered t o  about  4 . 0  a 
s i z a b l e  p o r t i o n  of t h e  p r o t e i n  w i l l  p r e c i p i t a t e .  The p rocess  equip- 
ment requi rements  are n o t  complex. The amino a c i d  p r o f i l e  of t h e  
protein c o n c e n t r a t e  depends t o  a g r e a t  e x t e n t  on t h a t  o f  t h e  o r i g i n a l  
g r a i n .  

Table I11 c o n t a i n s  a n  economic e v a l u a t i o n  f o r  a p rocess  to  
produce 20  m i l l i o n  ga l lons /yea r  of 200°proof e t h a n o l  and t o  recover  
66,200 lb/day of p r o t e i n  c o n c e n t r a t e  (85% p r o t e i n )  from t h e  d i s t i l l e r s  
d r i e d  g r a i n s  and s o l u b l e s .  I n  t h i s  c a s e  t h e  va lue  o f  t h e  DDGLS i s  
reduced t o  $90/ton a f t e r  t h e  p r o t e i n  has  been removed. The p r o t e i n  
c o n c e n t r a t e  has  been e s t ima ted  by an a g r i c u l t u r a l  economist t o  have a 
va lue  i n  t h e  human food market of abou t  60C/lb. The inc remen ta l  
inves tment  f o r  t h e  p r o t e i n  p l a n t  i s  $4 m i l l i o n  and t h e  convers ion  
c o s t  f o r  recovery of the  p r o t e i n  is  $ 1 . 0 9  m i l l i o n  p e r  yea r .  The 
va lue  p laced  on  e t h a n o l  i n  t h i s  ca se  i s  t h a t  which w i l l  p rovide  a 
t h r e e  y e a r  payout on  t h e  t o t a l  investment f o r  t h e  a l c o h o l  p l a n t  p l u s  
t h e  p r o t e i n  p l a n t  i .e. a p r o f i t  of $7,370,000/year. From t h e  f i g u r e s  
shown i n  Table I11 it c a n  b e  seen  t h a t  t h e  20 m i l l i o n  g a l l o n s  p e r  yea r  
of e thano l  m u s t  b r i n g  a n  income of $11,600,000/year o r  58C/gallon. 

ETHANOL I N  GASOLINE 

A s  a component i n  g a s o l i n e  anhydrous e t h a n o l  has  a b lending  
o c t a n e  number o f  123.  I f  t h e  d i f f e r e n t i a l  v a l u e  between 94 oc tane  
r e g u l a r  g a s o l i n e  and 1 0 0  o c t a n e  supreme g a s o l i n e  i s  2C/gallon a t  t h e  
who lesa l e  l e v e l  t hen  e t h a n o l  a s  a b lending  component i n  g a s o l i n e  i s  
worth 9.7C/gallon more than  t h e  p r i c e  o f  94 o c t a n e  r e g u l a r .  Th i s  i n  
t u r n  means t h a t  when t h e  wholesa le  p r i c e  of r e g u l a r  g a s o l i n e  
exc lud ing  s t a t e  and f e d e r a l  t a x e s  i s  48.3C/gallon e t h a n o l  a t  58C per  
g a l l o n  can  be used a s  a n  economical b lending  component based on i t s  
f u e l  p r o p e r t i e s .  Allowing f o r  a 35C mark-up t o  r e t a i l  p r i c e  and 
adding  12.5C/gallon s ta te  and f e d e r a l  t a x e s  w e  come t o  a r e t a i l  p r i c e  
of 77.7C/gallon of g a s o l i n e  a t  t h e  pump a s  being c o n s i s t e n t  w i th  an  
a l c o h o l  p r i c e  of 58C/gallon a t  t h e  d i s t i l l e r y .  Tab le  I1 i s  a com- 
p a r i s o n  of p r i c e  ( i n c l u d i n g  t a x e s )  o f  94 O.N.  r e g u l a r  g a s o l i n e  a t  t h e  
pump w i t h  the  a l c o h o l  p r i c e  a t  t h e  d i s t i l l e r y  which i s  necessary  f o r  
anhydrous e thano l  t o  b e  an  economical g a s o l i n e  b lending  component. 

CONCLUSIONS 

Based on l a b o r a t o r y  s t u d i e s  it has  been shown t h a t  p r o t e i n  of a 
q u a l i t y  s u i t a b l e  f o r  human consumption can  be e x t r a c t e d  from vege tab le  
materials such as d i s t i l l e rs  d r i e d  g r a i n s  and s o l u b l e s ,  t h e  by-product 
Of t h e  product ion  o f  e t h a n o l  by g r a i n  f e rmen ta t ion .  Economic evalua- 
t i o n s  o f  t h e  inves tment  and o p e r a t i n g  cost requi rements  f o r  t h e  
p roduc t ion  of anhydrous e thano l  from g r a i n  and t h e  recovery  of p r o t e i n  
c o n c e n t r a t e  f r o m  d i s t i l l e r s  d r i e d  g r a i n s  and s o l u b l e s  i n d i c a t e s  t h a t  
t h e  p r o t e i n  recovery  c a n  reduce  the  s e l l i n g  p r i c e  of a l c o h o l  wi thout  
adve r se ly  a f f e c t i n g  t h e  r e t u r n  o n  investment.  I n  t h e  c a s e  where m i l o  
w a s  used a s  t h e  f e e d  g r a i n  to the fe rmen ta t ion  p rocess  t h e  s e l l i n g  
p r i c e  of anhydrous e t h a n o l  c o u l d  be reduced from $ l / g a l l o n  t o  58C/gal. 
wh i l e  main ta in ing  a 3 y e a r  payout  on investment.  I f  e thano l  w e r e  
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a v a i l a b l e  a t  58C/gallon it would be economical t o  use  a s  a b lending  
component i n  g a s o l i n e  i f  t h e  p r i c e  of r e g u l a r  g a s o l i n e  a t  t h e  pump 

p r i c e s  would permit  lower e thano l  c o s t s  which i n  t u r n  would make t h e  
e thano l  a t t r a c t i v e  a t  lower g a s o l i n e  p r i c e s .  Recovery of  t h e  p r o t e i n  
concen t r a t e  from t h e  d i s t i l l e r s  d r i e d  g r a i n s  r e s u l t s  i n  an i n c r e a s e  
of  about  4 6 %  i n  t h e  t o t a l  amount of p r o t e i n  produced over f eed ing  t h e  
g r a i n  d i r e c t l y  t o  c a t t l e .  The energy d e f i c i t  a s s o c i a t e d  w i t h  farming 
and fe rmenta t ion  e thano l  product ion  has  been shown elsewhere t o  be 

I i n c lud ing  s t a t e  and f e d e r a l  t a x e s  were 77.70/gal lon.  Lower g r a i n  

1- 

\ less t han  t h a t  a s s o c i a t e d  wi th  e thano l  product ion  from l i g h t  gases  
\ v i a  e thylene .  

, Table I 

Current  Pr ice  E s t i m a t e  
For S y n t h e t i c  Ethanol  

Base Pr ice  i n  1972 61.OC/gal 

Inc rease  i n  Fue l  Prices of  
90C/million Btu 10 .3  

Inc rease  i n  Ethylene  Pr ice  
from 3C/lb t o  10C/lb 28.7 

1 9 7 4  Pr ice  $l.OO/gal 

i 

d 

4' 

Table I1 
Value of Ethanol  as 

a Gasol ine  Component 

Gasol ine Ethanol  Value 
9 4  O.N. Reg. a t  t h e  
( I n c l .  Tax) D i s t i l l e r y  

520/gal 39.OC/gal 

60 44.9 

80 59.7 

1 0 0  14.5 
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